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PREFACE 


This  report  is  presented  as  a comprehensive  description  and  inventory  of  the 
ground-water  resources  available  in  Westmoreland  County.  With  the  continuing 
growth  of  our  population  and  expansion  of  our  industries,  there  is  an  ever 
increasing  rise  in  demand  for  quality  water  resources.  Ground  water,  or  sub- 
surface water,  constitutes  one  of  the  largest  reserves  of  quality  water  remaining 
to  be  developed. 

This  report  can  be  of  assistance  to  anyone  who  is  planning  for  future  water 
needs.  It  will  help  to  evaluate  the  quantity  and  quality  of  ground  water  available 
in  any  part  of  the  county,  and  it  will  aid  in  choosing  the  locations,  depths  and 
conditions  most  favorable  for  the  desired  ground-water  yield. 

While  this  publication  has  attempted  to  include  all  available  ground-water 
data  for  the  county,  the  Pennsylvania  Topographic  and  Geologic  Survey  will 
continue  to  collect  ground-water  and  water-well  data  for  the  area;  such  data  will 
be  kept  on  open  file  at  the  Survey  offices  in  Harrisburg,  available  to  anyone  who 
desires  the  very  latest  information. 

We  hope  that  this  report  will  aid  users  of  water  in  Westmoreland  County  to 
develop  and  manage  their  water  resources  so  as  to  accommodate  their  water 
needs. 

Arthur  A.  Socolow 
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SUMMARY  GROUND-WATER  RESOURCES  OF 
WESTMORELAND  COUNTY,  PENNSYLVANIA 

by 

Thomas  G.  Newport 

ABSTRACT 

The  geologic  units  in  Westmoreland  County  range  from  the  Missis- 
sippian  Pocono  Group  to  Quaternary  alluvium.  The  alluvium  over- 
lies  bedrock  in  the  major  stream  valleys  in  the  county.  The  yields  of 
wells  drilled  from  15  to  85  feet  in  the  alluvium  range  from  15  to 
700  gpm  and  average  230  gpm.  Of  the  consolidated  aquifers,  the 
Pennsylvanian  Conemaugh  and  Allegheny  Groups  yield  small  to 
moderate  supplies  of  water.  The  Pottsville  Group  has  yields  of  20  to 
500  gpm,  depending  on  whether  the  wells  penetrate  the  full  thick- 
ness of  the  sandstone.  The  Mississippian  Pocono  Group  is  deeply 
buried  throughout  most  of  the  county,  but  in  its  outcrop  areas  there 
are  many  hillside  springs  which  yield  5 to  100  gpm. 

Chemical  analyses  show  that  many  samples  are  high  in  iron  con- 
tent. In  the  western  part  of  the  county,  salt  water  is  a problem;  any 
well  deeper  than  50  or  100  feet  below  the  level  of  the  major  streams 
will  encounter  water  that  contains  high  concentrations  of  chloride. 

No  recent  inventory  of  commercial  and  industrial  water  supplies 
has  been  made  in  Westmoreland  County,  but  the  amount  of  ground 
water  used  for  most  purposes  has  probably  decreased  due  to  im- 
proved plant  design  and  to  the  use  of  more  efficient  manufacturing 
techniques.  Since  there  is  relatively  little  use  of  ground  water  in  the 
county,  there  is  no  known  overdraft. 

The  greatest  water  problem  in  the  county  is  the  contamination  of 
water  resources  by  drainage  from  coal  mining  operations.  Also, 
collapse  of  roof  materials  in  worked-out  coal  mines  has  caused 
fracturing  and  dewatering  of  the  overlying  aquifers  in  some  parts  of 
the  county.  Other  sources  of  pollution  are  the  numerous  oil  and  gas 
wells  that  were  abandoned  but  not  properly  plugged.  Many  of  the 
well  casings  have  been  removed  or  severely  corroded,  allowing  salt 
water  to  rise  in  the  boreholes  and  contaminate  shallow  fresh- 
water aquifers. 


INTRODUCTION 

PURPOSE  AND  SCOPE 

This  report  is  part  of  a program  to  summarize  the  ground-water  resources  of 
Pennsylvania  in  a series  of  county  reports  that  will  be  easy  to  read  and  suitable 
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for  widespread  distribution.  It  contains  a general  description  of  the  aquifers  in  j 
the  county,  a geologic  and  well-location  map,  and  data  on  the  depth  and  yield  ; 
of  wells  and  the  chemical  quality  of  ground  water.  ; 


LOCATION  AND  GENERAL  GEOGRAPHIC  FEATURES  ; 

1 

Westmoreland  County  occupies  an  area  of  1,040  square  miles  at  the  north-  i 
east  end  of  the  soft  coal  fields  in  southwestern  Pennsylvania  (Figure  1).  It  is  j 
bordered  on  the  north  by  Armstrong  and  Indiana  Counties,  on  the  east  by  fj 
Cambria  and  Somerset  Counties,  on  the  south  by  Fayette  County,  and  on  the  | 
west  by  Allegheny  and  Washington  Counties.  Greensburg,  the  county  seat,  is  25  ' 
miles  southeast  of  Pittsburgh  and  140  miles  west  of  Harrisburg. 

Westmoreland  County  is  in  the  Appalachian  Plateaus  physiographic  province.  . 
The  western  two-thirds  is  characterized  by  rounded  hills  or  ridges  and  broad 
stream  valleys.  The  eastern  one-third  is  dominated  by  three  northeast-southwest 
trending  land  forms:  Chestnut  Ridge  (east),  Ligonier  Valley  (central)  and  Laurel 
Hill  (west). 


80°  78°  76° 


Figure  1.  Map  showing  location  of  Westmoreland  County  in  Pennsylvania. 


The  Kiskiminetas  and  Allegheny  Rivers  drain  the  northern  part  of  the  county. 
The  Monongahela  and  Yougliiogheny  Rivers  drain  the  western  part.  The  Alle- 
glieny  Mountain  section  is  drained  by  tributaries  of  the  Conemaugh  River  and 
Loyalhanna  Creek. 
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POPULATION  TRENDS 

The  total  population  of  Westmoreland  County  increased  from  160,175  to 
376,935  in  the  last  70  years.  Table  1 gives  the  census  figures  for  the  population 
from  1900  to  1970. 

The  1970  population  density  is  362  persons  per  square  mile.  The  population 
density  per  square  mile  ranges  from  about  4 to  6,000. 


Table  1.  Population  of  Westmoreland  County , 1900-1970 


Year 

Population 

1900 

160.175 

1910 

231,304 

1920 

273,568 

1930 

294,995 

1940 

303,411 

1950 

313,179 

1960 

352,625 

1970 

376,935 

LAND  USE  IN  THE  1960’S 

About  39  percent  of  the  total  land  area  of  the  county  is  occupied  by  farms. 
Woodlands  cover  36  percent,  and  the  remainder  is  used  for  strip  mines  and  urban 
or  industrial  development. 

Most  of  the  farms  produce  dairy  and  poultry  products.  The  largest  industries 
are  steel  production  and  coal  mining. 

WHERE  THE  WATER  COMES  FROM 

HYDROLOGIC  CYCLE 

Water  is  one  of  our  most  important  resources,  and  it  constitutes  the  major 
part  of  most  living  things.  Man’s  existence  depends  upon  it,  yet  water  supplies 
are  taken  for  granted  by  most  individuals.  As  shown  in  Eigure  2,  water  evapo- 
rates from  the  oceans  and  is  carried  as  vapor  until  it  condenses  and  falls.  Most  of 
the  precipitation  on  the  land  either  is  used  by  vegetation,  evaporates  back  to  the 
atmosphere,  or  runs  overland  as  streamflow.  Part  enters  the  soil  and  bedrock  to 
recharge  water-bearing  formations,  called  aquifers.  The  water  moves  at  a varying 
pace,  depending  on  its  environment,  but  eventually  it  returns  to  the  oceans. 

If  man  interrupts  or  changes  the  hydrologic  cycle  he  may  cause  effects  tliat 
last  for  many  years.  Man-made  changes  in  the  hydrologic  cycle  in  Westmoreland 
County  are  discussed  in  the  following  pages. 
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WHERE  THE  WATER  GOES 
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PRECIPITATION 

Precipitation  is  the  source  of  all  fresh  water  in  tire  county.  Some  streams 
carry  in  runoff  from  areas  outside  the  political  boundaries.  Annual  precipitation 
normally  ranges  from  40  inches  in  the  western  part  to  more  than  50  inches  in 
the  eastern  part. 

Precipitation  is  generally  well  distributed  throughout  the  year,  but  the 
summer  has  a little  more  rainfall  than  the  other  seasons.  Much  of  the  summer 
rain  falls  during  storms  of  short  duration.  About  one-fifth  of  the  total  precipi- 
tation is  snow. 

WHERE  THE  WATER  GOES 

EVAPOTRANSPIRATION 

Evapotranspiration  is  a collective  term  describing  the  return,  through  the 
sun’s  energy,  of  water  to  the  atmosphere  as  vapor.  In  the  process  of  transpira- 
tion, soil  moisture  returns  to  the  atmosphere  as  a by-product  of  plant  growth.  In 
the  evaporation  process,  water  changes  directly  from  a liquid  to  a vapor. 

The  mean  annual  rate  of  evaporation  from  surface-water  bodies  in  West- 
moreland County  is  estimated  to  be  28  inches.  The  surface  area  of  water  bodies 
in  Westmoreland  is  small,  and  the  water  evaporated  from  them  contributes  little 
to  the  hydrologic  cycle.  However,  the  total  annual  water  evaporated  and 
transpired  over  the  entire  area  is  about  24  inches. 

STREAMFLOW 

Most  of  the  water  not  lost  through  evapotranspiration  leaves  the  county  as 
discharge  from  streams.  This  discharge  accounts  for  20  to  25  inches  of  the 
original  annual  precipitation  on  the  area.  The  larger  streams  and  the  locations  of 
gaging  stations  that  measure  their  flow  in  Westmoreland  County  are  shown  in 
Plate  1.  Identification  numbers  are  those  assigned  by  the  U.S.  Geological  Survey. 
A summary  of  discharge  data  for  these  gaging  stations  is  given  in  Table  2.  More 
detailed  information  on  streamflow  can  be  obtained  from  Surface  Water  Records 
for  Pennsylvania,  U.S.  Geological  Survey,  1969. 


Table  2.  Discharge  Data  for  the  Gaged  Streams  in  Westmoreland  County 

Conemaugh  River  at  Seward,  Pa.  3-0415 

Average  discharge,  31  years  of  record:  1,203  cl's* 

Maximum  discharge,  October  16,  1954:  54,000  cfs 
Minimum  discharge:  not  determined 
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Table  2.  (Continued) 

Loyalhanna  Creek  at  Kingston,  Pa.  3-0450 

Average  discharge,  30  years  of  record:  286  cfs 
Maximum  discharge,  October  15,  1954:  29,700  cfs 
Minimum  discharge,  September  4,  1953:  0.1  cfs 

Loyalhanna  Creek  at  Loyalhanna  Creek  Dam,  Pa.  3-0470 
Average  discharge,  30  years  of  record:  453  cfs 
Maximum  discharge,  lune  5,  1941 : 1 1 ,700  cfs 
Minimum  discharge,  October  9,  10,  15,  16,  22-24,  1947:  0.2  cfs 

Kiskiminetas  River  at  Vandergrift,  Pa.  3-0485 

Average  discharge,  32  years  of  record:  2,913  cfs 
Maximum  discharge,  March  31,  1940:  71,900  cfs 
Minimum  discharge,  October  15,  16,  1952:  56  cfs 

Monongahela  River  at  Charleroi,  Pa.  3-0750 

Average  discharge,  36  years  of  record:  8,772  cfs 
Maximum  discharge,  March  7,  1967:  158,000  cfs 
Minimum  discharge:  not  determined 

*Cubic  feet  per  second 


GROUND  WATER 

Much  of  the  precipitation  on  the  land  surface  returns  to  the  atmosphere  or 
reaches  streams  as  overland  runoff.  Part  infiltrates  the  soil  and  fractures  and 
other  void  spaces  in  the  underlying  rock.  Its  downward  movement  continues 
until  it  reaches  the  zone  of  saturation,  a zone  in  which  all  the  interconnected 
voids  are  filled  with  water  (Figure  3).  After  reaching  the  zone  of  saturation,  the 
water  moves  downward  and  laterally  toward  lower  elevations  and  eventually 
returns  to  the  surface,  either  naturally  from  springs  or  from  wells. 
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Ground  water  occurs  under  both  water-table  and  artesian  conditions.  Water- 
table  conditions  are  those  in  which  ground  water  is  unconfined,  and  the  upper 
surface  of  the  water  is  free  to  rise  or  fall.  Artesian  conditions  exist  where  the 
water  is  confined  in  a permeable  (having  interconnected  openings)  formation 
that  is  overlain  by  a relatively  impermeable  formation.  The  upper  surface  is  not 
free  to  rise  or  fall,  but  the  water  is  under  enough  pressure  to  rise  above  the 
containing  aquifer  where  it  is  penetrated  by  wells.  The  imaginary  surface  to 
which  water  will  rise  in  wells  tapping  an  artesian  aquifer  is  called  the  potentio- 
metric  surface. 

The  water  table  fluctuates  according  to  the  relative  amounts  of  recharge 
(additions  to  the  aquifer)  and  discharge  (losses  from  the  aquifer  to  springs  and 
wells).  Because  of  heavy  evapotranspiration  during  the  growing  season  (April  to 
October),  recharge  to  the  zone  of  saturation  is  much  less  than  discharge  from  it, 
and  water  levels  decline.  Water  levels  generally  rise  throughout  the  rest  of  the 
year,  when  recharge  exceeds  discharge.  A hydrograph  of  a well  in  State  Game 
Lands  in  the  eastern  part  of  the  county  is  shown  in  Figure  4.  This  hydrograph 


Figure  4.  Hydrograph  of  well  We-300,  in  State  Game  Lands  area  number  42. 

Water  levels  in  the  county  are  at  or  near  the  land  surface  in  the  valleys  and 
rise  under  the  hilltops  and  ridges.  The  rate  of  water-level  rise,  however,  is  less 
than  that  of  the  land  surface,  so  depths  to  water  at  higher  elevations  are  greater 
than  those  in  the  valleys. 
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Sand  l-^oor-**! 

Primary  openings  in  unconsolidated  material 


Secondary  openings  in  consolidated  rod 

Figure  5.  How  water  occurs  in  the  rocks. 


Table  3.  Chemical  Analyses  of  Ground  Water  from  Wells  in  Westmoreland  County 
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Ground  water  occurs  in  and  moves  through  interconnected  openings  (Figure 
5)  that  are  either  primary  or  secondary.  Primary  openings  are  void  spaces 
between  the  individual  grains  that  compose  unconsolidated  sediments  or  sand- 
stone and  shale.  The  openings  in  unconsolidated  sediments  or  coarse-grained 
sandstone  are  large  compared  with  those  in  shale.  The  larger  interconnecting 
openings  allow  much  more  ground-water  movement  than  the  smaller  ones. 

Secondary  openings  are  those  formed  after  the  deposition  and  consolidation 
of  the  formations.  In  Westmoreland  County  they  result  from  the  fracture  or 
solution  of  the  rock.  The  fractures  are  the  result  of  external  forces  that  caused 
rupture  of  the  rock.  Solution  cavities  are  formed  by  the  solution  and  removal  by 
water  of  parts  of  rocks,  such  as  limestone.  Large  quantities  of  water  move 
through  some  interconnected  fractures  and  solution  cavities. 

GROUND-WATER  QUALITY 

As  precipitation  enters  the  ground,  it  dissolves  parts  of  the  soil  and  rock. 
Because  ground  water  is  in  contact  with  soil  and  rocks  longer  than  surface  water, 
it  has  more  dissolved  material  in  it.  Some  spring  and  well  water  may  contain 
more  than  500  mg/1  (milligrams  per  liter)  dissolved  solids,  which  is  not 
considered  desirable  for  domestic  water  supplies  (U.S.  Department  of  Health, 
Education  and  Welfare,  1962),  though  more  highly  mineralized  water  is  used 
where  better  water  is  not  available.  Ground  water  generally  is  of  better  quality 
than  surface  water  because  the  soil  and  rocks  through  which  it  percolates  tend  to 
screen  out  solid  suspended  materials  and  bacteria. 

Analyses  of  ground  water  from  Westmoreland  County  are  listed  in  Table  3. 
Most  of  the  water  is  from  the  sandstone  aquifers,  and  many  samples  are  high  in 
iron  content.  At  many  places  in  the  coal  fields,  the  beds  above  the  coal  have 
been  drained  by  mining,  and  the  beds  below  the  coal  contain  water  that  has  high 
concentrations  of  iron. 

In  the  western  part  of  the  county  salty  water  is  a problem.  In  general,  wells 
over  500  feet  deep  or  any  well  deeper  than  50  or  100  feet  below  the  level  of  the 
major  streams  will  encounter  water  that  contains  high  concentrations  of 
eld  o ride. 


HOW  AND  WHERE  GROUND  WATER  IS  FOUND 

Ground  water  in  Westmoreland  County  occurs  in  both  artesian  and  water- 
table  aquifers.  The  yields  of  wells  differ  widely  from  one  geologic  formation  to 
another  and  within  the  same  geologic  formation.  Information  on  the  aquifers  is 
summarized  briefly  in  Table  4 and  is  explained  in  more  detail  in  the  following 
pages.  Well  yields  range  from  less  than  1 gpm  (gallons  per  minute)  to  700  gpm. 
Data  on  more  than  250  wells  drilled  in  the  various  geologic  formations  that 
underlie  the  county  are  listed  in  Table  5.  Plate  1 shows  the  locations  of  selected 
wells. 


Table  4.  Geologic  Units  in  Westmoreland  County 
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WESTMORELAND  COUNTY  GROUND-WATER  RESOURCES 


GEOLOGIC  STRUCTURE 

The  structure  of  the  bedrock  affects  the  occurrence  of  ground  water.  There 
are  several  major  folds  in  the  consolidated  rocks  in  Westmoreland  County.  These 
folds  trend  northeastward  and  are  part  of  the  general  structure  pattern  of  the 
Appalachian  Mountains.  The  axes  of  the  major  folds  are  shown  in  Plate  1.  Water 
in  folded  rocks  tends  to  move  down  the  dip  of  the  beds  and,  when  confined  by 
less  permeable  material,  will  build  up  artesian  pressure.  Part  of  the  ground  water 
in  dipping  beds  will  discharge  through  springs  and  seeps  along  the  flanks  of  the 
synclines,  where  the  rocks  have  been  removed  by  erosion  or  man-made  exca- 
vations or  have  been  fractured  by  folding. 

Eractures  occur  in  all  the  consolidated  rocks  in  Westmoreland  County.  A 
study  of  aerial  photographs  could  help  locate  the  larger  fractures.  As  ground 
water  can  move  freely  througlr  fractures,  wells  on  fractures  or  at  the  inter- 
sections of  fractures  should  give  the  highest  yields. 

Sample  logs  of  wells  drilled  in  several  of  the  geologic  units  are  shown  in 
Table  6. 


Table  6.  Driller's  Logs  of  Selected  Wells  in  Westmoreland  County 


Well  We- 12 


Owner:  U.S.  Aluminum  Company 


Description 

Thickness 

(feet) 

Depth 

(feet) 

Gravel  and  sand 

70 

70 

Gravel,  cemented  by  iron 

5 

75 

Gravel  and  sand 

10 

85 

Bedrock  

.3 

85.3 

Well  We- 13 

Owner:  National  Lead  and  Oil  Company 

Description 

Thickness 

(feet) 

Depth 

(feet) 

Sand,  fine 

20 

20 

Gravel,  coarse ;.sand 

35 

55 
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Table  6.  (Continued) 
Well  We- 14 

Owner;  James  C.  Rea 


Thickness  Depth 

Description  (feet)  (feet) 


Soil 10  10 

Shale,  grayish  black 5 15 

Shale,  silty,  very  dark  gray 15  30 

Shale,  very  dark  gray 30  60 

Clay,  light  gray 5 65 

Sandstone,  fine-grained,  light  gray 20  85 

Shale,  dark  gray 20  105 

Sandstone,  fine-grained,  light  gray  to  brownish  gray,  some  shale 

lenses  75  180 

Shale,  very  dark  gray 24  204 

Sandstone,  very  fine-grained 1 205 

Shale,  brownish  gray  to  dark  gray 40  245 

Sandstone,  very  fine-grained  to  coarse-grained 55  300 

Shale,  greenish  gray,  sandy 10  310 

Shale,  red 5 315 

Shale,  greenish  gray 10  325 

Shale,  red 5 330 

Shale,  greenish  gray 35  365 

Sandstone,  very  fine-grained,  greenish  gray 25  390 

Shale,  greenish  gray 10  400 

Shale,  red 9 409 

Limestone,  greenish  gray,  some  shell  fragments 1 1 420 

Shale,  greenish  gray,  calcareous 5 425 

Limestone,  dark  gray 4 429 

Shale,  red 7 436 

Shale,  greenish  gray 10  446 

Sandstone,  fine-grained,  light  gray 1 1 457 

Shale,  red 32  489 

Sandstone,  fine-grained,  light  gray 16  505 

Limestone,  brownish  gray 20  525 

Limestone,  light  gray 90  615 


Well  We-26 

Owner:  Pittsburgh  Coal  Company 


Thickness  Depth 

Description  (feet)  (feet) 


Soil  and  alluvium 60  60 

Sandstone 10  70 

Shale,  gray,  water-bearing 25  95 
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Table  6.  (Continued) 
Well  We-34 


Owner:  Railway  Steel  Spring  Company 


Thickness 

Depth 

Description 

(feet) 

(feet) 

( 'lay 

12 

12 

Slate,  dark  gray 

98 

110 

Sandstone 

5 

115 

35 

150 

Coal 

7 

157 

Slude  and  t ire  elay 

54 

211 

Shale,  sold 

74 

285 

Sandstone 

31 

316 

Shale,  red  and  gray 

70 

386 

Shale,  sold 

175 

561 

Sandstone  

69 

630 

Well  We-30 

Owner:  Mortntain  View  Hotel 

Lhickness 

Depth 

Description 

(feet) 

(feet) 

,Sandst(me 

40 

40 

Slate 

80 

120 

Well  We-4 1 

Owner:  0.  M.  Deibler 

Thickness 

Depth 

Description 

(feet) 

(feet) 

Sandstone 

30 

30 

Slate 

30 

60 

Well  We -44 

Owner:  Westmorelaiul-Connellsville  Coal  and  Coke  Company 

Thickness 

Depth 

Description 

(feet) 

(feet) 

Clay 

Shale 

Limestone 
Clay 


20  20 

8 28 

8 36 

16  52 
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Table  6.  (Continued) 


Shale 

Shale,  sandy 

Shale 

Limestone 

Shale,  soft,  blue  gray 

Sandstone 

Shale,  sandy 

Limestone 

Shale,  black 

Shale,  blue 

Shale,  sandy 


45 

97 

13 

1 10 

21 

131 

3 

134 

41 

175 

75 

250 

20 

270 

5 

275 

8 

283 

20 

303 

8 

311 

Well  We48 


Owner:  R.  W.  Bender 


Thickness  Depth 


Description  (feet)  (feet) 


Soil 10  10 

Sandstone 30  40 

Shale 28  68 


Well  We -5  2 


Owner:  Frank  Laudadio 


Description 


Soil 

Shale,  hard 
Shale,  blue 
Sandstone 
Shale,  slaty 


Thickness  Depth 
(feet)  (feet) 


9 9 

18  27 

25  52 

10  62 

47  105 


Well  We- 102 


Owner:  Paul  Jobe 


Thickness  Depth 

Description  (feet)  (feet) 


Soil 

Sandstone 

Shale,  light  gray 
Limestone 


15  15 

2 17 

13  30 

15  45 
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Table6.  (Con tinned) 
Well  We-1 14 

Owner;  Nick  Secizzel 


Thickness  Depth 

Description  (feet)  (feet) 


Shale 20  20 

Limestone 5 25 

Shale,  blue 8 33 

Shale,  red 35  68 

Limestone 6 74 

Shale,  gray 26  100 

Sandstone,  white 40  140 


Well  We-1 27 

Owner:  Pennsylvania  Rubber  Company  #7 


Thickness  Depth 

Description  (feet)  (feet) 


No  sample 50  50 

Sandstone,  medium-grained 35  85 

Shale,  carbonaceous 50  135 

Sandstone,  white,  fine-grained 15  150 

Shale,  carbonaceous 10  160 

Sandstone,  white,  coarse 10  170 

Shale,  sandy 80  250 

Sandstone,  white,  coarse 45  295 

Shale,  gray 25  320 

Sandstone,  light  gray,  fine-grained 15  335 

Sandstone,  buff  to  white,  coarse-grained 50  385 

Shale,  olive  gray 10  395 

Sandstone,  light  gray,  shaly 5 400 

Shale,  dark  gray 40  440 

Shale,  red 22  462 


Well  We- 134 

Owner:  Reuben  Hissem 


Thickness  Depth 

Description  (feet)  (feet) 


Soil 5 5 

Shale 1 6 

Coal 4 10 

Sandstone  and  shale 8 18 

Shale,  yellow 5 23 
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Table  6.  (Continued) 

Shale,  blue 

Shale,  black 

Coal 

Clay 

Sandstone,  gray 

Sandstone,  Ught  gray 

Limestone 

Shale,  green  and  blue 

Shale,  blue 

Shale,  gray 

Shale,  red  and  green 

Shale,  blue 

Limestone 

Shale,  blue  and  green 

Shale,  red 

Shale,  green 

Sandstone,  calcareous 


16 

39 

39 

78 

8 

86 

23 

109 

6 

1 15 

14 

129 

7 

136 

50 

186 

10 

196 

12 

208 

8 

216 

16 

232 

6 

238 

18 

256 

24 

280 

10 

290 

3 

293 

Well  We- 137 


Owner;  Rodman  School 


Description 


Soil 

Sandstone,  soft . 
Sandstone,  hard 
Shale,  blue 


Thickness  Depth 
(feet)  (feet) 


1.5  1.5 

7.5  9 

45  54 

13  67 


Well  We- 138 


Owner:  Ridgeview  School 


Description 


Thickness  Depth 
(feet)  (feet) 


Soil 16  16 

Sandstone 10  26 

Clay 3 29 

Sandstone,  dark 7 36 

Clay 3 39 

Shale,  blue 4 43 

Sandstone,  Liard,  yellow 5 48 
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Table  6.  (Continued) 
Well  We- 139 

Owner:  J.  A.  Porch 


Thickness  Depth 

Description  (feet)  (feet) 


Soil 2 2 

Shale,  soft 17  19 

Shale,  gray,  some  coal  at  base 14  33 

Shale,  gray 2 35 

Clay 3 38 

Shale,  gray 8.5  46.5 


Well  We- 140 

Owner:  M.  D.  Hoyman 


Thickness  Depth 

Description  (feet)  (feet) 


Soil 8 8 

Shale  and  clay 12  20 

Sandstone,  hard 1 21 

Clay 10  31 

Shale,  black 9 40 

Clay 4 44 


Well  We- 142 

Owner:  Frank  Hood 


Thickness  Depth 

Description  (feet)  (feet) 


SoU 14  14 

Sandstone 22  36 

Sandstone,  hard 15  51 

Shale,  blue 15  66 


Well  We- 144 

Owner:  Cambria  Trust  Company 


Thickness  Depth 

Description  (feet)  (feet) 


Soil 13  13 
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Table  6.  (Continued) 

Shale,  soft 4 17 

Clay 3 20 

Coal  and  shale 2 22 

Shale,  black  and  yellow 8 30 

Clay,  white 4 34 

Sandstone,  hard 8,5  42.5 


Well  We- 145 

Owner:  George  Geary 


Thickness  Depth 

Description  (feet)  (feet) 


SoU 8 8 

Shale,  soft 10  18 

Sandstone,  yellow 4 22 

Shale,  blue 16  38 

Shale,  black 14  52 

Clay 20  72 

Shale,  red  and  blue 8 80 

Shale,  green 2 82 


Well  We-151 

Owner:  Aluminum  Company  of  America 


Thickness  Depth 

Description  (feet)  (feet) 


Fill 4 4 

Clay 5 9 

Slag 4 13 

Sand  and  gravel 4 17 

Gravel,  coarse ; sand 13  30 

Gravel  and  sand 6 36 

Lignite 1 37 

Gravel,  coarse;  sand 12  49 

Gravel,  sand  and  clay 6 55 

Gravel,  coarse;  sand,  some  clay 9 64 

Gravel,  coarse ; sand 6 70 

Sandstone,  hard 2 72 
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Table6.  (Con tinned) 
Well  We- 152 

Owner:  Aluminum  Company  of  America 


Thickness  Depth 

Description  (feet)  (feet) 


Fill 10  10 

Clay,  sandy 6.5  16.5 

Gravel  and  sand 44.5  61 

Gravel,  blue;  sand 11.75  71.75 


Well  We- 153 

Owner:  Aluminum  Company  of  America 


Thickness  Depth 

Description  (feet)  (feet) 


Fill 28  28 

Sand  and  gravel 19  47 

Boulders  and  gravel 8 55 

Gravel,  coarse;  and  sand 23  78 


Well  We- 154 

Owner:  Aluminum  Company  of  America 


Thickness  Depth 

Description  (feet)  (feet) 


Fill 15  15 

Sand,  brown 4 19 

Clay,  sandy,  yellow 2 21 

Gravel  and  sand 39  60 

Clay 1 61 

Gravel,  coarse,  dark  gray,  sand 13  74 

Gravel,  dark  gray,  sand 9 83 


Well  We- 162 

Owner:  Kenman  Hotel 


Thickness  Depth 

Description  (feet)  (feet) 


Clay 


6 


6 
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Table  6.  (Continued) 

Sand 

16 

22 

Clay  and  shale 

12 

34 

Limestone 

2 

36 

Shale 

23 

59 

Sandstone 

3 

62 

Shale  and  coal 

1 

63 

Sandstone 

12 

75 

Shale 

3 

78 

Well  We- 163 

Owner:  Braeburn  Alloy  Steel 

Thickness 

Depth 

Description 

(feet) 

(feet) 

FiU 

3 

3 

Clay,  sandy,  yellow 

13 

16 

Gravel,  coarse;  sand 

35 

51 

Well  We- 164 

Owner:  Braeburn  Alloy  Steel 

Thickness 

Depth 

Description 

(feet) 

(feet) 

Fill 

5 

5 

Clay,  sandy,  yeUow 

13 

18 

Gravel  and  sand,  brown 

15 

33 

Gravel  and  sand,  blue 

27 

60 

Well  We- 182 

Owner:  Vandergrift  Water  Company 

Thickness 

Depth 

Description 

(feet) 

(feet) 

Soil 15  15 

Limestone,  shells 3 18 

Shale,  black 27  45 

Clay,  gray 13  58 
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Sandstone,  white 77  135 

Shale 23  158 

Sandstone,  white 24  182 

Shale 12  194 

Limestone 11  205 

Limestone,  shells 23  228 

Shale 7 235 

Limestone 8 243 

Shale,  hard 19  262 

Coal 3 265 


Well  We- 197 

Owner:  National  Roll  and  Foundry 


Thickness  Depth 

Description  (feet)  (feet) 


No  sample 105  105 

Limestone,  sandy 25  130 

Crevice 1 131 

Sandstone 25  156 

Shale,  sandy,  gray 19  175 

Sandstone,  gray 5 180 

Shale,  dark 5 185 

Coal 1 186 

Shale,  gray 6 192 

Clay 9 201 


Well  We-233 

Owner:  Pennsylvania  Rubber  Company 


Thickness  Depth 

Description  (feet)  (feet) 


No  sample 208  208 

Shale,  dark 117  325 

Sandstone 15  340 

Shale 5 345 

Sandstone,  white 15  360 

Shale,  dark 10  370 

Sandstone,  friable,  white 25  295 

Shale,  calcareous,  greenish  gray 9 404 
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ALLUVIUM 

Lithology 

Alluvium  overlies  the  bedrock  of  the  major  stream  valleys  in  the  county.  The 
extent  of  the  alluvium  is  shown  in  Figure  6.  It  consists  of  rock  material 
transported  and  deposited  by  moving  water:  clay,  silt,  sand,  gravel,  and  some 
boulders.  Most  of  the  particles  have  been  rounded  during  transportation. 


Figure  6.  Distribution  of  alluvium. 

The  alluvium  ranges  in  texture  from  poorly  sorted  to  well  sorted  and  occurs 
as  overlapping  lenses  that  may  be  composed  of  material  of  one  particle  size  or  a 
mixture  of  different  particle  sizes.  Sample  logs  of  wells  We-151  and  154  in  Table 
6 show  the  vertical  variations  in  texture  caused  by  lensing  and  differences  in 
sorting. 
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Water-Bearing  Characteristics 

Alluvium  is  generally  permeable  and,  where  saturated,  will  yield  moderate  to 
large  supplies  of  water  to  wells.  However,  permeabilities  may  change  signifi- 
cantly over  short  distances  because  of  changes  in  the  degree  of  sorting.  Well 
yields  depend  upon  the  thickness  and  permeability  of  the  saturated  deposits 
penetrated  by  the  wells.  Where  alluvium  partly  fdls  the  valley,  that  part  of  the 
material  lower  than  the  stream  bed  may  be  recharged  by  water  from  the  stream 
when  wells  are  pumped. 


Well  Depths  and  Yields 

The  average  yield  of  18  wells  in  the  alluvium  is  230  gpm,  and  the  range  of 
yields  is  from  15  to  700  gpm.  Specific  capacities  of  wells  averaged  16  gpm  per 
foot  of  drawdown.  The  well  depths  in  alluvium  ranged  from  15  to  85  feet,  and 
the  average  depth  was  60  feet.  Some  of  the  shallow  wells  in  the  alluvium  did  not 
penetrate  the  full  thickness  of  the  alluvium.  Wells  penetrating  the  full  thickness 
of  the  alluvium  and  tapping  all  the  coarse-grained  units  are  likely  to  be  the  best 
wells. 


Well  Location  and  Spacing 

Proper  well  location  and  spacing,  of  course,  are  necessary  for  an  efficient  well 
field,  and,  other  factors  being  equal,  full  penetration  of  alluvial  aquifers  provides 
maximum  yield.  Also,  wells  drilled  in  a line  parallel  to  and  close  to  a stream  may 
induce  recharge  from  the  stream.  This  is  discussed  in  more  detail  later  in  this 
section. 

In  areas  of  heavy  pumpage,  wells  spaced  far  enough  apart  to  minimize 
competition  between  adjacent  wells  for  the  available  water  are  ideal.  Figure  7 
shows  the  effect  on  the  water  table  when  wells  are  pumped.  To  satisfy  the 
demands  of  both  wells  the  cone  of  depression  (the  depression  in  the  water  table 
produced  by  pumping  a well)  must  be  greatly  expanded  and  deepened.  By 
increasing  the  distance  between  wells  the  competition  may  be  reduced  to  a 
minimum.  Optimum  well  spacing  in  alluvium  can  be  estabUshed  only  after 
determining  how  the  shape  of  the  cone  of  depression  around  one  or  more 
pumping  wells  changes  with  time  pumped  and  with  distance  from  the  center  of 
pumping.  This  information  can  be  obtained  from  standard  pumping  tests  of 
developed  production  and  observation  wells. 

The  cone  of  depression  is  used  to  advantage  in  areas  where  wells  are  close  to 
streams.  The  largest  yields  in  the  county  are  those  from  wells  that  tap  permeable 
aquifers  that  are  freely  connected  with  the  water  in  nearby  streams.  When  such 
wells  are  pumped  at  high  rates,  the  cone  of  depression  spreads  to  the  stream,  and 
the  ground-water  level  is  lowered  to  a point  below  the  stream  surface.  When  this 
occurs,  water  is  induced  to  move  into  and  through  the  aquifer  from  the  stream 
to  the  well.  This  process  is  shown  in  Figure  8.  The  water  pumped  is  a mixture  of 


Well  2 Well  I 
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water  infiltrated  from  the  stream,  water  removed  from  storage  in  the  aquifer, 
and  water  entering  the  aquifer  from  sources  other  than  the  stream. 


Figure  7.  Effects  on  the  water  table  when  wells  are  pumped. 
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Figure  8.  Cones  of  depression  where  recharge  is  induced  from  a stream. 

A line  of  wells  parallel  to  the  stream  is  superior  to  any  other  arrangement. 
Wells  in  line  B-C  of  Figure  9 are  in  the  best  position  to  receive  induced  recharge 
from  the  river  and  to  intercept  larger  amounts  of  water  moving  through  the 
aquifer.  Because  they  are  aligned  at  right  angles  to  the  regional  movement  of 
ground  water,  the  competition  for  the  same  water  is  minimized.  The  orientation 
of  wells  in  line  A-B,  however,  is  inefficient.  Their  alignment  parallel  to  the 
ground-water  movement  causes  the  competition  for  the  same  water  to  be 
maximized. 


Water  Quality 

Water  obtained  from  alluvium  is  generally  hard  and  has  a high  iron,  man- 
ganese, and  dissolved-solids  content.  It  also  has  low  turbidity  and  is  usually 
unpolluted  by  bacteria.  Ground-water  temperature  approximates  the  mean 
annual  air  temperature  of  about  53°  F.  Chemical  analyses  of  water  from  the 
alluvium  are  included  in  Table  3. 

The  quality  of  water  from  wells  changes  considerably  when  water  is  induced 
to  Bow  from  streams  into  the  cones  of  intluence  of  wells.  When  this  occurs,  the 
well-water  quality  is  intermediate  in  character  between  the  quality  of  the  surface 
water  and  ground  water.  Temperature  of  the  mixed  waters  will  be  lower  during 
the  winter  and  higher  during  the  summer. 


CONSOLIDATED  AQUIFERS 

The  consolidated  rocks  cropping  out  in  Westmoreland  County  have  an  ag- 
gregate thickness  of  about  2,400  feet.  The  areal  extent  of  the  outcrop  of  each 
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Direction  of  ground- 
water  nnovement  ' '-■» 
under  non-pumping 
conditions  ^ 


O 


► O 


Figure  9.  The  advantage  of  placing  a line  of  wells  at  right  angles  to  the  direction 
of  ground-water  movement. 
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geologic  unit  is  shown  in  Plate  1.  Most  of  the  units  are  composed  of  sandstone 
and  shale,  but  there  are  beds  of  clay,  some  thin  limestone,  and  several  coal  units. 
Representative  logs  of  wells  drilled  in  bedrock  are  shown  in  Table  6.  Water- 
bearing properties  of  these  rocks  differ  considerably,  owing  to  differences  in  the 
kind  of  rock  and  its  geologic  structure,  and  to  differences  in  altitude  relative  to 
local  drainage. 


WASHINGTON  FORMATION 
Lithology 

The  Washington  Formation  of  Permian-Pennsylvanian  age  consists  of  alter- 
nating beds  of  shale,  sandstone,  and  coal.  There  are  also  some  thin-bedded, 
discontinuous  limestone  members.  The  basal  member  is  a fine-  to  medium- 
grained sandstone.  The  Washington  Formation  has  a maximum  thickness  of 
about  430  feet. 


Water-Bearing  Characteristics 

In  general  the  Washington  Formation  is  a poor  water-bearer.  The  small 
outcrop  area  and  the  unfavorable  topographic  position  of  the  outcrops  (mostly 
on  top  of  ridges)  limit  its  importance  as  a source  of  water.  Where  this  formation 
is  saturated,  the  water  occurs  in  joints  and  along  the  bedding  planes.  The  basal 
sandstone  yields  water  in  large  quantities  where  it  occurs  below  the  stream  level. 

Well  Depths  and  Yields 

The  yields  of  wells  in  the  Washington  Formation  are  low  because  the 
fractures  are  small  and  scarce.  Well  yields  range  from  0.4  to  22  gpm.  The  highest 
yield  is  from  a well  430  feet  deep,  and  it  is  very  likely  that  much  of  the  water  is 
from  the  underlying  formation.  Well  depths  range  from  30  to  430  feet.  All  wells 
except  one  are  1 50  feet  or  less  in  depth. 

Water  Quality 

Only  one  partial  chemical  analysis  of  water  from  the  Washington  Formation 
is  available.  The  water  is  of  good  quality  but  moderately  hard. 

MONONGAHELA  GROUP 
Lithology 

The  Monongahela  Group  of  Pennsylvanian  age  is  composed  of  the  Uniontown 
Formation  and  the  Pittsburgh  Formation.  These  formations,  which  are  un- 
divided on  the  geologic  map,  consist  of  Limestone,  shale,  sandstone,  and  coal. 
The  limestones  are  both  massive  and  thin-bedded.  The  shales  and  sandstones  are 
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discontinuous.  There  are  several  minable  coal  beds  in  the  group,  the  lowermost 
being  the  Pittsburgh  coal.  The  maximum  thickness  is  187  feet. 

Water-Bearing  Characteristics 

Most  of  the  porosity  and  permeability  in  limestone  is  the  result  of  enlarge- 
ment of  the  fractures  through  the  solution  and  removal  of  minerals  by  moving 
ground  water.  Permeability  of  sandstone  varies  greatly  according  to  grain  size, 
degree  of  sorting,  and  amount  of  cementing  material.  Secondary  porosity  may 
be  developed  by  solution  and  removal  of  cementing  material  or  by  extensive 
fracturing.  Shale  is  a fine-grained,  rather  impermeable  rock,  but  usually  contains 
water  in  fracture  or  joint  systems  that  developed  from  folding  and  faulting. 

Well  Depths  and  Yields 

The  yields  of  weUs  in  the  Monongahela  Group  are  low  because  of  the 
smallness  and  scarcity  of  fractures.  Well  yields  range  from  0.2  to  15  gpm,  and 
the  average  yield  is  about  3 gpm.  Yields  greater  than  those  required  for  domestic 
purposes  are  not  available  from  wells  in  this  formation.  Large-diameter  wells  will 
yield  larger  volumes  of  water  than  smaller  ones  for  short  periods  because  their 
storage  capacity  is  greater.  Aside  from  the  storage  factor,  deeper  wells  in  the 
Monongahela  Group  do  not  yield  significantly  more  water  than  shallower  wells. 
The  low  yields  are  partly  the  result  of  the  dewatering  of  the  rocks  by  coal 
mining. 

Well  depths  range  from  23  to  265  feet,  and  most  of  the  wells  are  less  than 
110  feet  deep. 

Well  Location  and  Spacing 

Locating  an  adequate  water  supply  in  the  Monongahela  Group  is  very  diffi- 
cult for  the  reasons  stated  in  the  preceding  section.  It  might  be  possible  to 
develop  small  household  supplies  from  isolated  perched  water  zones  that  may 
occur  above  the  less  permeable  layers  of  the  group. 

Water  Quality 

Water  in  the  Monongahela  Group  is  largely  of  the  calcium  bicarbonate  type. 
Dissolved  solids  range  from  272  to  610  mg/1.  Iron  ranges  from  0.08  to  35  mg/1. 


CONEMAUGH  GROUP 
Lithology 

The  Conemaugh  Group  of  Pennsylvanian  age  is  composed  of  the  Casselman 
and  Glenshaw  Formations.  It  is  much  less  calcareous  than  the  overlying  Monon- 
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gahela  Group  and  consists  primarily  of  sandstone  and  shale  and  lesser  amounts 
of  limestone  and  coal.  The  Conemaugh  Group  is  by  far  the  most  extensive  of  the 
Pennsylvanian  formations  within  the  county.  The  group  covers  the  entire 
western  part  of  the  county  except  for  the  deepest  parts  of  the  structural  troughs, 
where  it  is  covered  by  younger  formations,  and  a few  scattered  anticlinal  axes, 
where  it  has  been  eroded  away  and  older  rocks  crop  out.  In  the  eastern  part  of 
the  county  the  Conemaugh  Group  crops  out  in  the  Ligonier  syncline.  It  reaches 
a maximum  thickness  of  640  feet. 

Water-Bearing  Characteristics 

The  best  water-producing  formations  in  the  Conemaugh  Group  are  the 
sandstones.  Well  yields  depend  on  local  permeability  of  the  aquifers  and  whether 
or  not  the  sandstones  are  drained.  Water  occupies  the  void  spaces  between  the 
sand  grains  and  the  fractures  in  the  sandstone. 

In  the  shale  and  limestone  members,  water  generally  occupies  bedding  and 
joint  planes,  especially  near  the  axes  of  the  folds. 

Well  Depths  and  Yields 

The  Conemaugh  Group  is  a reliable  source  of  small  to  moderate  supplies  of 
water.  Some  wells  yield  more  than  100  gpm,  but  the  median  yield  for  wells  in 
tliis  aquifer  is  20  gpm.  The  deepest  water  well  reported  in  the  Conemaugli  Group 
was  drilled  640  feet  and  produced  25  gpm.  The  highest  reported  yield  was  357 
gpm  from  a well  176  feet  deep. 

Sufficient  water  for  domestic  purposes  can  be  obtained  at  almost  any  loca- 
tion from  wells  that  are  drilled  100  to  150  feet  below  the  water  table,  but  yields 
large  enough  for  industrial  and  municipal  purposes  are  more  difficult  to  obtain. 
Test  drilling,  at  least,  would  be  necessary  to  find  the  best  site  for  a large 
production  well. 


Well  Location  and  Spacing 

Spacing  is  generally  not  critical  for  domestic  wells  but  may  be  critical  for 
industrial  and  municipal  wells.  Where  several  pumping  wells  are  closely  spaced, 
the  cones  of  depression  overlap;  consequently,  drawdown  is  increased  and  the 
yield  of  each  well  is  reduced.  Wells  less  than  500  feet  apart  in  the  Conemaugh 
Group  generally  interfere  with  each  other  when  pumped  simultaneously. 

Water  Quality 

Chemical  analyses  of  ground  water  in  the  Conemaugh  Group  show  a wide 
range  in  chemical  character.  The  range  of  dissolved  solids  is  from  99  to  722  mg/1. 
The  range  in  hardness  is  from  10  to  263  mg/1.  Iron  ranges  from  0.08  to  23.2 
mg/1.  The  upper  limit  for  iron  is  0.3  mg/1  (U.S.  Public  Health  Service,  1962). 


HOW  AND  WHERE  GROUND  WATER  IS  FOUND 


39 


ALLEGHENY  GROUP 
Lithology 

The  Allegheny  Group  of  Pennsylvanian  age  is  composed  of  the  Freeport 
Formation,  Kittanning  Formation,  Vanport  Limestone,  and  Clarion  Formation. 

The  group  consists  of  shale,  sandstone,  discontinuous  limestone,  and  coal 
beds.  Shale  constitutes  the  greater  part  of  the  Allegheny  Group,  and  sandstone 
varies  widely  in  thickness  and  degree  of  sorting  and  may  be  absent  in  some 
sections.  The  principal  outcrop  areas  of  the  Allegheny  Group  lie  along  Chestnut 
Ridge  and  Laurel  Hill.  The  rocks  are  exposed  in  a sinuous  band  along  the  Hanks 
of  these  ridges.  There  are  several  other  small  areas  of  outcrop  in  some  of  the 
major  stream  valleys  and  along  the  crest  of  the  Grapeville  anticline.  The 
maximum  thickness  may  reach  400  feet. 

Water-Bearing  Characteristics 

Ground  water  moves  through  fractures  and  pore  spaces  in  the  Allegheny 
Group.  In  the  shaly  facies  water  is  contained  in  the  joints  and  bedding  plane 
passages.  The  best  water-bearing  units  of  the  group  are  beds  of  sandstone  that 
are  lenticular  and  discontinuous;  thus,  well  yields  may  differ  considerably  from 
place  to  place.  The  yields  will  be  small  and  drawdown  will  be  rather  large  in 
wells  that  do  not  penetrate  sandstone. 


Well  Depths  and  Yields 

The  Allegheny  Group  is  a reliable  source  of  small  to  moderate  supplies  of 
water.  Two  wells  completed  in  this  aquifer  have  large  yields.  Wells  We- 127  and 
182,  tapping  sandstone,  yield  300  gpm  and  550  gpm,  respectively.  The  average 
well  yield  for  the  Allegheny  Group  is  5 gpm.  Sufficient  water  for  domestic 
purposes  can  be  obtained  at  most  locations  from  wells  that  are  drilled  100  feet 
below  the  water  table,  but  yields  large  enough  for  industrial  or  public  supply  are 
very  difficult  to  obtain.  Test  drilling,  at  least,  would  be  necessary  to  find  the 
best  site  for  a large  production  well. 

Well  Location  and  Spacing 

Spacing  is  generally  not  critical  for  domestic  wells  in  the  Allegheny  Group, 
but  is  critical  for  large  industrial  and  municipal  wells. 

Water  Quality 

One  partial  chemical  analysis  (Table  3)  is  available  for  water  from  the 
Allegheny  Group,  and  it  shows  the  water  to  be  hard,  high  in  iron,  and  high  in 
chloride  and  dissolved  solids. 
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POTTSVILLE  GROUP 
Lithology 

The  Pottsville  Group  is  composed  of  the  Homewood,  Mercer  and  Connoque- 
nessing  Formations.'  It  consists  predominantly  of  sandstone,  conglomerate,  and 
thin  beds  of  shale.  The  sandstone  is  generally  loosely  cemented  and  very 
permeable,  but  there  are  areas  where  permeability  is  low. 

Water-Bearing  Characteristics 

Water  in  the  Pottsville  Group  occurs  in  the  pore  spaces  between  the  grains 
and  in  the  secondary  openings  (such  as  fractures)  in  the  rock.  The  size  of  the 
openings  between  the  grains  differs  with  the  degree  of  sorting  of  the  original 
material  and  with  the  amount  of  cementation  that  binds  the  grains  together.  The 
Pottsville  Group  in  this  area  is  coarse  grained,  well  sorted,  lightly  cemented,  and 
yields  moderate  to  large  amounts  of  water  to  wells. 


Well  Depths  and  Yields 

The  yield  of  a well  in  the  Pottsville  Group  depends  partly  upon  its  depth.  A 
well  that  fully  penetrates  the  sandstone  will  yield  more  water  than  a partially 
penetrating  well.  Few  data  are  available  for  wells  in  this  aquifer,  but  the  deepest 
has  the  highest  yield  (500  gpm)  and  the  shallowest  has  the  lowest  yield  (20 
gpm).  The  yields  of  two  wells  believed  by  the  author  to  penetrate  the  full 
thickness  of  the  sandstone  are  250  and  500  gpm. 

Well  depths  in  the  Pottsville  Group  range  from  64  to  450  feet. 

Well  Location  and  Spacing 

Wells  drilled  in  the  Pottsville  Group  ideally  would  be  located  where  they  will 
penetrate  the  greatest  saturated  thickness  of  the  most  permeable  beds.  The 
Pottsville  Group  is  exposed  along  the  Chestnut  Ridge  anticline  and  on  the  west 
side  of  Laurel  Hill,  so  that  wells  located  to  tap  only  these  rocks  would  have  to  be 
drilled  on  the  sides  or  near  the  tops  of  these  hills. 


Water  Quality 

Analyses  of  water  from  three  wells  tapping  the  Pottsville  Group  and  overlying 
rocks  are  presented  in  Table  3.  The  three  analyses  show  the  water  to  be  high  in 
iron,  and  water  from  the  deeper  wells  is  high  in  chloride  and  dissolved  solids. 


'These  formation  names  do  not  conform  to  the  nomenclature  used  by  the  Pennsylvania 
Geological  Survey,  l or  a discussion  of  the  stratigraphy  of  the  Pottsville  Group  in  western 
Pennsylvania,  see  Edmunds,  W.  E.  (1969),  Revised  lithostratigraphic  nomenclature  of  the 
Pottsville  and  Allegheny  Groups  (Pennsylvanian),  Clearfield  County,  Pennsylvania,  Pa.  Geol. 
Survey,  4th  ser..  Inf.  Circ.  61,  36  p.;  Ashley,  G.  H.  (1945),  The  Pittsburgh-Pottsville 
boundary.  Jour.  Geology,  v.  53,  p.  374-389;  and  Renick,  B.  C.  (1924),  The  correlation  of 
the  Allegheny-Pottsville  section  in  western  Pennsylvania,  Jour.  Geology,  v.  32,  p.  64-80. 


HOW  AND  WHERE  GROUND  WATER  IS  FOUND 
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The  maximum  concentration  of  chloride  is  1,200  mg/1  from  a well  404  feet 
deep. 


MAUCH  CHUNK  FORMATION 
Lithology 

The  Mauch  Chunk  Formation  of  Mississippian  age  consists  of  red,  gray,  or 
green  shale  interbedded  with  several  limestone  and  sandstone  members.  The 
formation  crops  out  only  along  the  higher  ridges  in  eastern  Westmoreland 
County  and  is  buried  at  considerable  depth  in  the  other  parts  of  the  county.  It  is 
about  310  feet  thick. 


Water-Bearing  Characteristics 

The  beds  of  the  Mauch  Chunk  Formation  are  generally  water  bearing  where 
they  are  saturated  or  lie  beneath  other  saturated  formations.  However,  the 
available  information  on  the  Mauch  Chunk  in  Westmoreland  County  is  too 
sparse  to  make  an  accurate  appraisal  of  its  water-bearing  characteristics. 

Well  Depths  and  Yields 

Data  are  available  for  one  well  in  the  Mauch  Chunk  Formation.  This  well  is 
615  feet  deep  and  yields  214  gpm. 

Well  Location  and  Spacing 

No  information  is  available  for  Westmoreland  County. 

Water  Quality 

No  data  are  available  in  Westmoreland  County  on  the  chemical  quality  of  the 
water  from  the  Mauch  Chunk  Formation. 

POCONO  GROUP 
Lithology 

The  Pocono  Group  of  Mississippian  age  is  composed  of  massive  beds  of 
sandstone,  locally  conglomeratic,  and  some  dark  shale.  There  are  only  a few 
scattered  exposures  of  these  rocks  along  the  crest  of  Laurel  Hill  and  Chestnut 
Ridge. 


Water-Bearing  Characteristics 

Water  in  the  Pocono  Group  occurs  in  the  pore  spaces  between  the  grains  and 
in  the  secondary  openings  (such  as  fractures).  The  size  of  the  openings  between 
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the  grains  differs  with  the  degree  of  sorting  of  the  original  material  and  with  the 
amount  of  cementation  that  binds  the  grains  together.  The  beds  of  shale  retard 
the  downward  movement  of  water  and  are  poor  water-bearing  units. 


Well  Depths  and  Yields 

In  the  outcrop  areas  of  the  Pocono  Group  there  are  many  hillside  springs, 
some  of  which  discharge  more  than  100  gpm.  Drilled  wells  are  few,  although 
well  We-21  is  representative.  This  well  penetrates  several  overlying  aquifers,  but 
the  water-bearing  zone(s)  have  not  been  determined.  The  Pocono  Group  is 
deeply  buried  throughout  most  of  the  county  and  is  reached  only  in  the  deeper 
wells. 

Well  Location  and  Spacing 

Data  concerning  well  location  and  spacing  are  lacking. 

Water  Quality 

In  the  western  part  of  the  county,  the  rocks  of  the  Pocono  Group  are 
generally  buried  more  than  500  feet  deep,  or  more  than  100  feet  below  the  level 
of  the  major  streams.  Wells  drilled  into  these  rocks  usually  encounter  salt  water. 
In  the  Allegheny  Mountain  section,  in  the  eastern  part  of  the  county,  the 
Pocono  Group  is  at  shallower  depths  and  is  usually  saturated  with  good-quaUty 
water.  Any  fresh  water  in  the  Pocono  occurs  in  this  area. 


HOW  MAN  HAS  CHANGED  THE  HYDROLOGIC  SYSTEM 

PRESENT  STATUS  OF  DEVELOPMENT  OF  WATER  SUPPLIES 

Population  and  industrial  growth  of  the  county  have  greatly  altered  water 
demands  and  the  means  of  satisfying  those  demands.  In  the  early  days,  the 
county  people  had  their  own  wells  or  obtained  their  water  supplies  from  nearby 
springs  or  streams.  By  the  late  1960’s,  85  percent  of  the  population  received 
water  from  public  water-supply  facilities.  An  inventory  in  1970  indicated  that 
public-supply  use  averaged  1 19  mgd  (million  gallons  per  day).  Of  this  total,  3 
mgd  was  from  ground-water  sources. 

No  recent  inventory  of  commercial  and  industrial  water  supplies  has  been 
made,  but  the  amount  of  ground  water  used  for  most  purposes  has  probably 
decreased.  The  overall  decline  is  due  to  improved  plant  design  and  to  the  use  of 
more  efficient  manufacturing  techniques.  The  water  is  used  primarily  for  cooling 
and  processing,  and  about  one-fourth  of  it  is  reused.  Water  requirements  of  some 
companies  have  been  reduced  to  the  point  where  it  is  more  economical  to 
purchase  water  than  to  maintain  wells. 


WATER  PROBLEMS  RESULTING  FROM  MAN 
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GROUND-WATER  PUMPAGE 

Reports  from  three  municipalities  using  ground  water  in  Westmoreland 
County  indicate  that  about  400,000  gpd  is  being  pumped  from  wells  or  obtained 
from  springs. 

New  Alexandria  pumps  four  wells  and  obtains  about  220,000  gpd.  Avonmore 
pumps  11  wells  that  yield  170,000  gpd.  The  village  of  Fritz  Henry  gets  5,000 
gpd  from  springs.  As  stated  above,  no  recent  inventory  of  industrial  supplies  has 
been  made,  but  there  has  probably  been  a decrease  in  the  amount  of  ground 
water  used  for  most  purposes. 

SURFACE-WATER  PUMPAGE 

The  water  supplies  for  most  of  the  municipalities  in  Westmoreland  County 
are  obtained  from  surface-water  sources.  Available  data  indicate  that  119  mgd 
are  used  to  supply  the  municipalities  in  the  county.  Surface-water  supplies  are 
taken  from  reservoirs  on  many  smaller  streams  and  directly  from  the  larger 
streams. 


WATER  PROBLEMS  RESULTING 
FROM  THE  ACTIVITIES  OF  MAN 

COAL  MINING 

The  greatest  water  problem  in  Westmoreland  County  is  the  contamination  of 
the  water  resources  by  drainage  from  coal-mining  operations.  The  waste  material 
left  behind  during  the  removal  of  coal  is  rich  in  sulfur-bearing  minerals.  Ex- 
posure of  these  minerals  to  air  and  water  produces  sulfuric  acid,  which  may  be 
temporarily  pooled  in  the  mine  areas  or  may  move  directly  into  streams.  Wells 
that  are  near  such  areas  and  are  open  at  or  below  the  level  of  these  pools  will  tap 
water  contaminated  by  sulfuric  acid. 

Streams  draining  coal-mining  areas  are  contaminated  to  varying  degrees.  The 
Allegheny,  Conemaugh,  Kiskiminetas,  Loyalhanna,  and  Monongahela  Rivers  and 
many  of  their  tributaries  carry  mine  drainage. 

The  many  reservoirs  in  watersheds  of  streams  entering  Westmoreland  County 
benefit  the  area  in  two  ways.  They  diminish  potential  flood  hazards  by  retaining 
much  of  the  excess  water  during  periods  of  high  surface  runoff.  They  also  reduce 
the  degree  of  contamination  by  releasing  water  during  periods  of  low  river  stage, 
thus  diluting  the  otherwise  highly  mineralized  streams. 

DEWATERING  OF  AQUIFERS 

Collapse  of  unsupported  roof  material  in  worked-out  coal  mines  has  caused 
fracturing  and  dewatering  of  the  overlying  aquifers  in  some  parts  of  the  county. 
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In  the  northwestern  part  of  the  county,  the  Pittsburgh  sandstone,  overlying  the 
Pittsburgh  coal,  has  been  extensively  dewatered  wherever  that  coal  has  been 
mined.  In  other  parts  of  the  county,  similar  drainage  of  the  sandstone  occurs 
above  mines  in  the  Upper  Freeport  coal. 

OIL  AND  GAS  WELLS 

Od  and  gas  production  in  the  county  today  is  of  relatively  minor  significance, 
but  it  once  was  a major  industry.  During  the  search  for  oil  and  gas,  thousands  of 
wells  were  drilled.  Many  of  the  well  casings  have  been  removed  or  severely 
corroded.  The  result  is  that  salt  water  under  artesian  pressure  has,  in  many  areas, 
moved  up  the  boreholes  and  out  into  the  shallower  freshwater  aquifers. 


DEVELOPMENT  OF  WELLS 

DRILLING  METHODS 

Dug  wells  were  common  around  the  turn  of  the  century,  but  they  now  are  a 
rarity.  Most  wells  currently  in  use  in  Westmoreland  County  are  drilled  by 
percussion  or  rotary  methods.  In  the  percussion  or  cable-tool  method,  wells  are 
drilled  by  the  alternate  lifting  and  dropping  of  a heavy  drilling  bit  in  the 
borehole.  The  bit  action  breaks  up  consoUdated  rock  material  or  loosens  un- 
consolidated material  so  that  the  smaller  fragments  may  be  removed  with  a 
bailing  device.  The  rotary  method  uses  a rotating  bit  to  cut  rock  or  to  loosen 
alluvial  material;  drill  cuttings  are  carried  from  the  borehole  to  the  surface  by 
circulating  water,  drilling  mud,  or  air. 

WELL  CONSTRUCTION 

Wells  generally  are  cased  with  pipe  to  prevent  collapse  of  the  borehole.  In 
consolidated  material  the  casing  may  be  driven  only  a few  feet  into  the  rock,  or 
may  line  the  hole  to  very  near  its  bottom.  In  unconsolidated  materials,  casing 
must  be  used  to  prevent  collapse  of  the  hole,  and  it  is  common  practice  to 
replace  the  casing  with  screen  opposite  water-bearing  zones.  An  alte-rnative  to  a 
screen  is  slots  or  drill  holes  cut  into  the  casing.  The  purpose  of  the  screen  or 
slotted  casing  is  to  allow  entry  of  water  into  the  well  while  excluding  the  rock 
material.  Gravel  packing  is  a further  refinement  for  construction  of  wells  in 
alluvium.  In  this  technique,  clean  coarse  gravel  is  used  to  fill  the  annular  space 
between  the  well  screen  and  the  outside  of  the  borehole.  The  purpose  of  a gravel 
pack  is  to  increase  the  effective  screen  diameter,  reduce  the  entrance  velocity  of 
water  entering  the  well,  and  lessen  the  likelihood  that  fine  sand  will  clog  the  well 


screen. 


MANAGEMENT  OF  WATER  SUPPLIES 
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In  the  interest  of  sanitation  it  is  necessary  to  fill  the  upper  part  of  the  annular 
space  between  the  casing  and  the  earth  with  grouting  material,  such  as  concrete. 
The  grout  extends  down  far  enough  to  prevent  the  entry  of  surface  pollutants 
into  the  zone  of  water  withdrawal. 


WELL  DEVELOPMENT 

The  method  commonly  used  to  increase  well  yields  consists  of  heavy 
pumping  of  the  borehole  for  a short  period  of  time  to  remove  drill  cuttings  and 
fine  material  from  the  water-bearing  zones.  Other  less  common  techniques  used 
to  increase  yields  are  mechanical  surging  and  the  addition  of  detergents. 

Mechanical  surging  is  similar  to  operating  a piston  in  a cylinder,  with  the 
casing  or  well  bore  acting  as  the  cylinder  and  the  surge  block  as  the  piston. 
Alternately  raising  and  lowering  the  block  in  the  well  forces  water  in  and  out  of 
the  openings  in  the  aquifer.  Loose  rock  chips  or  fine  sand  grains  are  loosened 
and  drawn  into  the  well  bore,  from  which  they  may-  be  pumped  after  surging. 
This  method  is  most  successful  in  unconsolidated  material,  sandstone  and 
conglomerate. 

Detergents  can  be  used  most  successfully  in  wells  where  clay  and  silty 
materials  plug  small  fractures  and  other  openings  in  the  aquifer.  The  detergent 
helps  to  break  up  these  plugs  into  small  particles  so  that  they  may  be  pumped 
out,  leaving  the  aquifer  openings  clear  to  transmit  more  water  to  the  borehole. 


MANAGEMENT  OF  WATER  SUPPLIES 

PROTECTION  EROM  OVERDRAET 

Overdraft  can  occur  when  water  levels  in  wells  drop  below  the  pumps  and 
production  ceases  or  becomes  inadequate.  Possible  remedies  are  reduction  of 
pumpage,  addition  of  recharge,  additional  wells,  better  well  spacing  and  orien- 
tation of  additional  wells,  and  lowering  of  pump-intake  settings. 

Since  there  is  relatively  little  use  of  ground  water  in  Westmoreland  County, 
there  is  no  known  overdraft.  Overdraft  would  be  most  likely  where, wells  are 
spaced  close  together  or  in  areas  distant  from  streams,  where  induced  infiltration 
is  not  possible. 


PROTECTION  EROM  POLLUTION 

Water  moves  rather  freely  between  the  surface  and  subsurface;  therefore, 
conditions  which  affect  the  quality  of  surface  water  may  also  affect  the  quality 
of  ground  water.  The  reverse  is  also  true.  This  interrelation  is  most  apparent  in 
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heavily  industrialized  areas,  where  large  amounts  of  waste  are  discharged  into 
rivers  and  much  river  water  is  induced  into  nearby  wells  that  are  producing  from 
the  river  alluvium.  River  water  contamination  is  generally  highest  during  the 
time  of  greatest  ground-water  pumpage  and  this  can  (and  in  many  cases  does) 
adversely  affect  the  quality  of  water  yielded  by  such  wells. 

Government  agencies  are  becoming  increasingly  active  in  the  field  of  pollu- 
tion prevention.  The  Pennsylvania  Department  of  Health  has  set  standards  for 
length  and  cementing  of  casing  in  wells,  and  the  Pennsylvania  Department  of 
Environmental  Resources  has  estabhshed  regulations  concerning  the  reclamation 
of  strip  mines  to  reduce  the  formation  of  acid  water.  As  mentioned  previously, 
however,  the  discharge  from  abandoned  strip  and  deep  mines  is  still  a major 
source  of  pollution.  Snowmelt  and  heavy  rains  throughout  the  year  flush  out  the 
acid  water  accumulated  in  the  mines  and  carry  it  into  the  streams.  When  this 
happens,  dilution  by  less  mineralized  water  reduces  the  degree  of  contamination. 

A large  part  of  the  ground  water  used  by  industry  is  for  cooling  purposes. 
After  use,  much  of  this  warmer  water  is  discharged  to  streams.  The  higher 
temperature  makes  the  water  less  suitable  for  similar  use  in  downstream  areas. 

Ground-water  supplies  may  be  polluted  by  material  carried  downward  from 
the  land  surface  by  infiltrating  water.  Because  ground  water  moves  slowly,  such 
pollution  is  slow  to  accumulate  and  just  as  slow  to  flush  out  after  the  source  is 
removed.  Common  sources  of  pollution  are  septic  systems,  nitrate  from  ferti- 
lizers, and  household  detergents;  other  sources  are  industrial  wastes,  accidental 
oil  spills,  sanitary  landfills,  and  mine  water  discharge. 

In  the  future,  controlling  the  water  quality  probably  will  be  a greater  problem 
than  obtaining  sufficient  quantities  of  water.  Surface-water  quality  is  now 
monitored  at  many  points  in  Westmoreland  County.  A similar  system  to  monitor 
the  quality  of  ground  water  in  and  around  cities,  industrial  sites,  and  un- 
populated areas  would  be  valuable. 

WHERE  TO  GET  INFORMATION  ABOUT  WATER 

The  Pennsylvania  Topographic  and  Geologic  Survey  has  information  on  the 
geology  of  Westmoreland  County  and  has  published  reports  describing  the 
aquifers  and  chemical  quality  of  ground  water.  Well  drillers’  logs  and  reports  on 
new  wells  also  are  available. 

The  Private  Water  Supply  section.  Division  of  Sanitation,  Pennsylvania 
Department  of  Health  can  supply  information  on  proper  well  construction, 
biological  reports  on  well  water,  and  the  chemical  quality  of  ground  water  in  this 
and  other  counties.  The  Pennsylvania  Department  of  Health,  through  various 
regional  offices,  can  test  water  samples  for  bacterial  pollution;  they  also  can 
advise  on  corrective  measures  to  be  taken  when  pollution  is  reported. 

The  Engineering  and  Construction  section  of  the  Pennsylvania  Department  of 
Environmental  Resources  has  information  on  some  municipal  water  supplies, 
including  source,  average  daily  use,  total  annual  use,  and  estimated  future  needs. 
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The  U.S.  Geological  Survey  has  data  on  wells,  springs,  and  streams  and  on  the 
chemical  quality  of  water. 

When  requesting  information  on  water  supplies,  an  accurate  location  of  the 
site  should  be  given.  This  will  help  the  above-listed  agencies  to  give  assistance 
and  advice. 

Local  well  drillers  and  pump  installers  can  provide  prices  and  suggest  the  type 
of  equipment  needed  to  develop  a water  supply.  The  drillers  may  know  the  well 
depth  necessary  to  obtain  desired  yields  and  how  much  surface  casing  is 
required.  They  can  also  suggest  the  proper  well  diameter  for  the  desired  pumping 
equipment.  Pump  installers  can  supply  information  concerning  the  size  of  the 
pump,  depth  of  the  pump  setting,  and  the  pressure-tank  capacity. 

If  chemical  analysis  of  the  well  water  indicates  treatment  is  necessary, 
commercial  water-treatment  companies  can  provide  the  necessary  information 
and  equipment.  Equipment  for  water  treatment  can  be  purchased  or  rented,  and 
it  will  be  serviced  by  the  supplier  if  desired. 


GLOSSARY 

Anticline:  An  arch  in  stratified  rock  in  which  the  layers  bend  downward  in 
opposite  directions  from  the  crest  and  which  has  the  oldest  rocks  in  the  core; 
reverse  of  syncline. 

Aquifer:  A formation,  group  of  formations,  or  a part  of  a formation  that 
contains  sufficient  saturated  permeable  material  to  yield  significant  quantities 
of  water  to  wells  and  springs. 

Artesian  water:  Ground  water  that  occurs  under  sufficient  hydrostatic  head  to 
rise  above  the  level  at  which  it  was  encountered  in  a well. 

Cubic  feet  per  second:  The  rate  of  discharge  equivalent  to  the  discharge  of  a 
stream  of  rectangular  cross  section,  1 foot  wide  and  1 foot  deep,  whose 
velocity  is  1 foot  per  second;  equivalent  to  448.8  gallons  per  minute. 

Cone  of  depression:  A funnel-shaped  depression  on  a water  table  or  potentio- 
metric  surface  centered  at  a pumping  well  or  other  discharge  point. 

Drainage,  or  drainage  level:  In  this  report,  refers  to  the  level  of  the  beds  of  the 
principal  streams. 

Drainage  system:  A stream  and  its  tributaries. 

Direct  runoff:  The  water  that  moves  over  the  land  surface  directly  to  streams 
immediately  after  rainfall  or  snowmelt. 

Discharge,  ground-water:  The  water  that  leaves  the  zone  of  saturation. 

Evapotranspiration:  Water  withdrawn  from  a land  area  by  direct  evaporation 
from  water  surfaces  and  moist  soil  and  by  plant  transpiration. 

Fracture:  Breaks  in  rocks  due  to  applied  stresses. 

Ground-water  reservoir:  An  aquifer  or  a group  of  related  aquifers. 
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Head,  static:  The  height  above  a standard  datum  of  the  surface  of  a column  of 
water  (or  other  liquid)  that  can  be  supported  by  the  static  pressure  at  a given 
point. 

Induced  infiltration:  The  process  through  which  the  cones  of  depression  are 
lowered  to  a point  where  they  intercept  the  water  of  a perennial  stream, 
reversing  the  normal  direction  of  the  ground-water  gradient;  also,  the  water 
drawn  into  the  aquifer  by  this  process. 

Joint:  A fracture  opened  with  no  displacement  of  adjacent  walls  along  the 
fracture;  often  vertical  and  occurring  in  sets  crossing  each  other  at  high 
angles. 

Perched  ground  water:  Ground  water  separated  from  an  underlying  body  of 
ground  water  by  an  unsaturated  zone.  It  is  under  water-table  conditions. 

Permeability:  The  capacity  of  a porous  medium  to  transmit  a liquid. 

Plunge:  The  inclination  of  the  crest  of  geologic  structures  (as  anticlines  and 
synclines)  from  a horizontal  plane. 

Potentiometric  surface:  The  surface  to  which  the  water  from  a given  aquifer  will 
rise  under  its  full  head.  The  surface  represents  the  static  head.  It  is  defined  by 
the  levels  to  which  water  will  rise  in  tightly  cased  wells. 

Recharge,  ground-water:  The  process  by  which  water  is  added  to  the  zone  of 
saturation. 

Runoff:  That  part  of  precipitation  that  appears  in  streams. 

Saturated  zone:  The  zone  in  which  interconnected  interstices  are  saturated  with 
water  under  pressure  equal  to  or  greater  than  atmospheric. 

Specific  capacity:  The  rate  of  discharge  of  water  from  a well,  in  gallons  per 
minute,  divided  by  the  drawdown  of  water  level  in  the  well,  in  feet.  It  varies 
slowly  with  duration  of  discharge. 

Stream-gaging  station:  A gaging  station  where  a record  of  discharge  of  a stream  is 
obtained.  Within  the  Geological  Survey  this  term  is  used  only  for  those  gaging 
stations  where  a continuous  record  of  discharge  is  obtained. 

Surface  water:  Water  on  the  surface  of  the  earth. 

Syncline:  A trough  in  stratified  rock  in  which  the  layers  dip  toward  each  other 
from  either  side,  and  which  has  the  youngest  rocks  in  the  core. 

Transpiration:  The  quantity  of  water  absorbed  and  transpired  and  used  directly 
in  the  building  of  plant  tissue  in  a specified  time;  also  the  process  by  which 
water  vapor  escapes  from  the  living  plant,  principally  the  leaves,  and  enters 
the  atmosphere. 

Water  table:  That  surface  in  an  unconfined  water  body  at  which  the  pressure  is 
atmospheric.  It  is  defined  by  the  levels  at  which  water  stands  in  wells  that 
penetrate  the  water  body. 

Water-table  conditions:  The  conditions  under  which  water  occurs  in  an  aquifer 
that  is  not  overlain  by  an  impermeable  body  and  that  has  a water  table. 
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